ABSTRACT The hemodynamic effects of hydralazine were studied in 17 infants and young children with ventricular septal defects to clarify the significance of systemic vascular resistance (SVR) in determining these effects. Patients with peak pulmonary arterial pressures greater than 75% of systemic pressure were placed in group 1, which was further divided into group Ia (n = 6), consisting of those with a control SVR of 20 U m2 or higher, and group lb (n = 8) THE HEMODYNAMIC EFFECTS of vasodilating drugs on ventricular septal defects (VSDs) have been reported by several investigators," although the results are not conclusive. In previous studies a wide variety of drugs with different sites of action were used, which resulted in inconsistent results. In addition, there was a great variation in hemodynamic characteristics of study subjects at control, i.e., in the size of their VSDs, in their systemic or pulmonary vascular resistances (SVRs or PVRs), and in the responsiveness of the vessels on which the drugs acted in the subjects. The amount of shunt flow through a VSD is determined by the ratio of PVR to SVR in a large and nonrestrictive VSD, or by the interrelationship between the size of the VSD and SVR in a restrictive VSD.7 In either condition, the amount of shunt flow is 
THE HEMODYNAMIC EFFECTS of vasodilating drugs on ventricular septal defects (VSDs) have been reported by several investigators," although the results are not conclusive. In previous studies a wide variety of drugs with different sites of action were used, which resulted in inconsistent results. In addition, there was a great variation in hemodynamic characteristics of study subjects at control, i.e., in the size of their VSDs, in their systemic or pulmonary vascular resistances (SVRs or PVRs), and in the responsiveness of the vessels on which the drugs acted in the subjects. The amount of shunt flow through a VSD is determined by the ratio of PVR to SVR in a large and nonrestrictive VSD, or by the interrelationship between the size of the VSD and SVR in a restrictive VSD. 7 In either condition, the amount of shunt flow is greatly affected by SVR.8 Since SVR is a major factor determining afterload to the left ventricle, it can be hypothesized that the effect of afterload reduction on the amount of interventricular shunting is dependent on the control SVR and on responsiveness of the systemic vascular beds. To test this hypothesis, we studied 17 infants and young children with VSDs and obtained hemodynamic data before and after the intravenous administration of hydralazine, an afterload-reducing drug.
Subjects and methods
The subjects of this study were 14 patients with isolated VSDs, two patients with VSDs and a patent ductus arteriosus, and one patient with a VSD type of double-outlet right ventricle. Patients' ages ranged from 2 to 36 months (mean, 12 +-10 [SD] months) and 11 were less than 1 year old. The major clinical findings and treatments for each patient are summarized in table 1. Informed consent was obtained for each patient before the study began. Right and left heart catheterization was done in each patient before and 10 min after an intravenous injection of hydralazine at a dose of 0.3 mg/kg and while oxygen consumption was being measured by the flow-through method. Systemic THERAPY AND PREVENTION-CONGENITAL HEART DISEASE and pulmonary blood flows (Qs and Qp) were obtained by the Fick method and then SVR and PVR were calculated and expressed in units per square meter (mm Hg/l/minim2).
The patients were assigned to one of three groups according to their hemodynamic characteristics at control. The patients who had a peak pulmonary arterial pressure (PAP) of more than 75% of the peak systemic arterial pressure (SAP) were assigned to group I, which was further divided into a group of patients with SVRs of 20 U_m2 or higher (group Ia, n = 6) and a group of those with lower SVRs (group Ib, n = 8). The patients with lower peak PAPs were placed in group II (n = 3). The data were analyzed by the Student t test. All values were expressed as mean + SEM.
Results
The effects of an elevation in SVR on hemodynamics in patients with large VSDs. There was no statistical difference between group la and group lb for each of following parameters: mean SAP, mean PAP, mean right atrial pressure (RAP), Qp, PVR, and peak PAP/peak SAP ratio. However, in group Ia mean left atrial pressure (LAP) was higher ( to 10 + 1 mm Hg (-2 + 1 mm Hg; p < .02) after hydralazine. For these changes there was no difference between the groups. Mean PAP in group I, which was 56 + 3 mm Hg before hydralazine, was reduced to 50 + 3 mm Hg (p < .01). PAP was also reduced in group II (by 17 ± 1% from control). The mean RAP decreased in 13 patients and increased in two others and it was unchanged in the remaining two patients. The total group mean reduction was from 6 + 1 before to 5 ± 1 mm Hg after hydralazine, but this reduction was not statistically significant.
The effects of hydralazine on SVR and PVR. Mean SVR in all patients was significantly (p < .005) reduced (from 19.0 + 1.6 to 15.1 ± 0.9 U m2)by hydralazine. Posthydralazine SVR, expressed as percent of the control value, inversely correlated with prehydralazine SVR (r = -.66, p < .01; figure 1 ). In group Ia, in which the control SVR was high by definition, the reduction in SVR was greater (29 ± 6%) than in group Ib (6 + 5%; figure 2).
The change in PVR in group Ia was not significant and was only barely significant in group lb (4.8 ± 0.7 to 3.6 ± 0.6 U-m2; p < .05). The figure 3) . The Qp/Qs ratio decreased in group Ia from 3.6 + 0.4 to 2.4 ± 0.2 (p < .02). In sharp contrast, the ratio increased in group lb from 2.6 + 0.3 to 3.3 ± 0.5 (p = .06); figure 4 ). There was a significant difference between the changes in these two groups (p < .005).
The QpIQs ratio did not change substantially in two group II patients; one of these had a small VSD and the other had a high Qp/Qs ratio and an SVR of 15.4 U.m2. In another group II patient with a control SVR of 20 U m2, however, the Qp/Qs ratio decreased from 2.0 to 1.3. To evaluate the effect of control SVR on the change in Qp/Qs ratio in patients with large VSDs, the posthy-422 dralazine Qp/Qs ratio, expressed as percent of the control value, was compared with the prehydralazine SVR in group I patients and a rough but significant correlation was found (r = -.61, p = .02; figure 5 ). Group II patients were excluded from this analysis because their VSDs were smaller, although their SVR responses were not different from those of group I patients (figure 5). The control PVR, however, did not correlate with the change in the Qp/Qs ratio.
Discussion
In infants with large VSDs, left ventricular performance is depressed by volume overload in association with a relative lack of left ventricular muscle mass.9 This is hemodynamically manifested by an elevation in left ventricular filling pressure and a decrease in Qs. The latter stimulates the renin-angiotensin system, catecholamine release, and the sympathetic nervous system, '°resulting in an increase in SVR. The high resistance impedes left ventricular ejection in a failed heart, which causes a further decrease in the forward flow amount of shunting is determined by the ratio of PVR to SVR. It is known that in patients with other cardiac diseases vasodilators dilate the pulmonary vascular bed as well as the systemic one,"' 'v"7 although Fripp et al. '8 have reported that hydralazine failed to reduce the PVR in two patients with pulmonary vascular obstructive disease secondary to congenital heart disease.
In this study and in another by Goldberg et al. ' 9 the magnitude of reduction in vascular resistance by vasodilators was shown to be a function of the pretreatment resistance value. This implies that either a nonconstricted vessel is not dilated to any great extent by the drugs or that an already dilated vessel no longer responds, as was the case in patient 9. In patients in whom PVR alone is elevated functionally, vasodilators will act more on the pulmonary than on the sys- As shown in our study, reduction of the Qp/Qs ratio is not necessarily associated with a decrease in Qp because an increment in venous return secondary to an increase in Qs offsets the decrease in left-to-right shunting. 2 In summary, the effect of hydralazine on the Qp/Qs ratio in infants and young children with large VSDs was largely dependent on pretreatment SVR, which was shown by the fact that the Qp/Qs ratio was reduced only in those with a high control SVR. The change in PVR varied in this study. Since there was no correlation between the pretreatment value for PVR and the magnitude of the change, the apparent PVR response does not seem to be an active one, but seems to be affected passively by Qp which, in turn, is determined by the amount of shunting. It is likely that, in patients in whom the response of SVR was greater than that of pulmonary circulation, Qp decreased and the apparent value for PVR was elevated or unchanged. On the other hand, when PVR was lowered more than SVR by hydralazine, the decrease in PVR became apparent.
In a patient with a moderate-sized VSD, the amount of shunting is determined by the size of the VSD and augmented by elevation of SVR, as illustrated by the case of patient 15. This response was also seen in the experimental studies of Synhorst et al. 3 and Boucek et al. 4 The model used in their studies was a restrictive and moderate-sized VSD and the muscular tone of systemic resistant vessels would be expected to be high due to experimental stress. Vasodilators would therefore dilate the constricted systemic vascular bed to increase Qs and decrease the shunt flow.
